'DWD HQYHORSPHQW DQDO\VLV '($ LV D PHWKRGRORJ\ XVHG WR HYDOXDWH WKH UHODWLYH HI¿FLHQFLHV RI SHHU GHFLVLRQ making units (DMUs) in multiple input, multiple output situations. In the original formulation, and in the vast literature that followed, the assumption was that all members of the input bundle affected the output bundle. +RZHYHU PDQ\ SRWHQWLDO DSSOLFDWLRQV RI HI¿FLHQF\ PHDVXUHPHQW H[LVW ZKHUHLQ VRPH LQSXWV GR QRW LQÀXHQFH FHUWDLQ RXWSXWV )RU H[DPSOH LQ D PDQXIDFWXULQJ VHWWLQJ IURP ZKLFK PXOWLSOH SURGXFWV RXWSXWV HPHUJH resources (e.g., packaging labor) will not affect products that do not pass through that department. 
'DWD HQYHORSPHQW DQDO\VLV '($ ¿UVW LQWURGXFHG E\ &KDUQHV &RRSHU DQG 5KRGHV LV D PHWKRGRO-RJ\ XVHIXO LQ HYDOXDWLQJ WKH UHODWLYH HI¿FLHQFLHV RI SHHU GHFLVLRQPDNLQJ XQLWV '08V LQ D PXOWLSOH LQSXW multiple output setting. In the original formulation, and in the vast literature that followed, the assumption was that all members of the input bundle affected the output bundle. However, in many settings measured for HI¿FLHQF\ VRPH LQSXWV PD\ QRW LQÀXHQFH FHUWDLQ RXWSXWV )RU H[DPSOH LQ D PDQXIDFWXULQJ VHWWLQJ SURGXF-LQJ PXOWLSOH SURGXFWV RXWSXWV YDULRXV LQSXWV PD\ QRW LQÀXHQFH VRPH RXWSXWV DW DOO 3DLQWLQJ RU SDFNDJLQJ resources only affect products that require painting or packaging. Similarly, in hospitals, certain staff may not LQÀXHQFH SDUWLFXODU DFWLYLWLHV VR HYDOXDWLRQ RI WKRVH DFWLYLWLHV LQ WHUPV RI WKRVH VWDII LQSXWV VKRXOG QRW RFFXU
7KH FXUUHQW SDSHU LQYROYHV DQ H[DPLQDWLRQ RI WKH PHDVXUHPHQW RI HI¿FLHQF\ ZLWKLQ WKH FRQWH[W RI D VHW of steel fabrication plants in which the phenomenon of partial impacts of inputs on outputs is present. A brief GHVFULSWLRQ RI WKH SUREOHP VHWWLQJ IROORZV 7KH QH[W VHFWLRQ LOOXVWUDWHV WKH GHYHORSPHQW RI D JHQHUDO PHWK-
odology, in the spirit of DEA, designed to address such partial interactions between inputs and outputs. The methodology is based on the view of a DMU as a business unit comprising a set of separate subunits, with the SURSRVLWLRQ EHLQJ WR GH¿QH HI¿FLHQF\ RI WKH '08 DV D ZHLJKWHG DYHUDJH RI WKH HI¿FLHQFLHV RI WKH VXEXQLWV $Q DSSOLFDWLRQ RI WKH QHZ PHWKRGRORJ\ XVLQJ GDWD UHODWHG WR D VHW RI IDEULFDWLRQ SODQWV DQG WKH FRQFOXVLRQV of the paper follow.
(I¿FLHQF\ 0HDVXUHPHQW LQ 6WHHO )DEULFDWLRQ 3ODQWV

7KH IRFXV RI WKH FXUUHQW SDSHU LV WR H[DPLQH WKH HI¿FLHQFLHV RI D VHW RI VWHHO IDEULFDWLRQ SODQWV 7KH SURGXFW OLQHV ZHUH JHQHUDOO\ FRQVLVWHQW DFURVV WKH SODQWV DQG UHÀHFWHG IRXU SULPDU\ FDWHJRULHV
1. sheet steel products (ladders, guards, bumpers, and conveyors),
ÀDW EDU SURGXFWV XVHG PDLQO\ LQ EXLOGLQJ FRQVWUXFWLRQ EUDFNHWV EDVH SODWHV KHDGHUV DQG SRVWV
3. pipes and cylinders (storm drains, plumbing products, etc.), and 4. cylindrical bearings (automotive and nonautomotive).
These four product groupings constituted the outputs for analysis purposes. For the inputs, plant resources LQFOXGHG IRXU FDWHJRULHV D SODQW ODERU E VKHDULQJ PDFKLQHV F SUHVVHV DQG G ODWKHV $ QXPEHU RI VPDOOHU machines and tools, such as grinders and welders, were included in the lathes category.
In this setting, not all inputs affected all outputs. 
. A formal algorithm for generating these bundles is presented later in the paper.
Viewing the subunits independently of one another is necessary and involves assigning a portionD of HDFK LQSXW WR HDFK VXEXQLW RI ZKLFK LW LV D PHPEHU )RU H[DPSOH IRU HDFK '08 M, Input 1 (labor) is a member of each of the three subunits, so apportioning that input across the three subunits N LQ WKH DPRXQWV j k x 1 1 D is required. Input 4, however, is a member of only two of the subunits, so splitting the total of that resource across only those two subunits is prudent. Figure 1 illustrates the splitting of resources across subunits according to which resources have membership. The current structure of model (1-6) is nonlinear. To convert the formulation to one that is more tractable,
6WDJH 'HULYLQJ 6XEXQLW (I¿FLHQFLHV
The result of applying the model (9-14) to data, such as that in A discussion of the formation of these bundles is given in the following section.
Generating the Input-Output Bundles
In a multiple input-output setting, for each N « ., let , N and R N denote a set of inputs and outputs UHVSHFWLYHO\ 7KH ¿UVW REMHFWLYH LV WR JHQHUDWH LQSXWRXWSXW EXQGOHV , 1 , R 1 ), (, , R « , N , R N ) in a way that the 
7KH UHVXOWLQJ HI¿FLHQF\ VFRUHV DUH GLVSOD\HG LQ 7DEOH $ 6SHFL¿FDOO\ 7DEOH $ VKRZV WKH DJJUHJDWH VFRUH
from model (9-14), the three subunit scores, and the overall score (weighted average of the subunit scores) for HDFK '08 1RQH RI WKH '08V KDV DQ HI¿FLHQF\ VFRUH RI 7KLV would require that all . subunits be HI¿FLHQW DV ZHOO ,Q WKH FDVH RI '08V DQG DW OHDVW RQH VXEXQLW LV HI¿FLHQW One might hypothesize that the various scores would be overly sensitive to the particular (D E) ranges chosen. Thus, an alternative set of ranges was selected and the analysis repeated. The second analysis included two levels of ranges. For Input 1, split across all three input bundles, the (D E) range was set at (.1,.6).
For ,QSXWV DQG HDFK RI ZKLFK LV VSOLW DFURVV RQO\ WZR EXQGOHV WKH D E UDQJH ZDV VHW DW 7KH UHVXOW-LQJ HI¿FLHQF\ VFRUHV DSSHDU LQ 7DEOH $ :KLOH VRPH PRYHPHQW ZDV DSSDUHQW LQ WKH DJJUHJDWH VFRUHV IURP PRGHO WKH VXEXQLW VFRUHV DQG WKHLU ZHLJKWHG DYHUDJHV WKH RYHUDOO VFRUHV UHÀHFWHG YLUWXDOO\ QR FKDQJH DWWHVWLQJ WR WKH UHODWLYH VWDELOLW\ RI WKH PHWKRGRORJ\ $UJXDEO\ LI RQH ZHUH WR LPSRVH ¿[HG SURSRUWLRQDO VSOLWV RI WKH UHVRXUFHV RQH PLJKW DQWLFLSDWH WKDW WKH HI¿FLHQF\ VFRUHV ZRXOG XQGHUJR VKLIWV WKDW DUH PRUH VXEVWDQWLDO
A conventional DEA analysis on the DMUs, without distinguishing among the subunits, followed to ensure 
D FRPSUHKHQVLYH H[DPLQDWLRQ 7DEOH $ LOOXVWUDWHV WKH UHVXOWV +DOI RI WKH '08V DQG DUH VKRZQ WR EH HI¿FLHQW 7KH HDUOLHU DQDO\VLV LQGLFDWHG WKDW DW OHDVW RQH VXEXQLW ZDV HI¿FLHQW IRU WKH VDPH '08V In the conventional analysis, a minimal or zero weight is assigned to certain inputs and outputs, meaning WKDW VLJQL¿FDQW QRQ]HUR ZHLJKWV DUH DWWDFKHG RQO\ WR FHUWDLQ VXEVHWV RI LQSXWV DQG RXWSXWV ,Q PRVW FDVHV WKHVH VXEVHWV FRUUHVSRQG SUHFLVHO\ WR WKH SUHYLRXVO\ LGHQWL¿HG VXEXQLWV +HQFH WKH DSSURDFK SURSRVHG LQ WKLV SDSHU SURYLGHV VLJQL¿FDQWO\ PRUH LQIRUPDWLRQ DERXW WKH LQQHU ZRUNLQJV RI WKH '08 LQ WHUPV RI ZKLFK SDUWV RI WKH EXVLQHVV XQLW DUH RSHUDWLQJ DW DQ HI¿FLHQW OHYHO DQG ZKLFK DUH QRW $ UHODWHG W\SH RI DQDO\VLV GHVLJQHG WR H[DPLQH WKH LQWHUQDO VWUXFWXUH RI WKH '08 LV QHWZRUN '($ DV GLVFXVVHG LQ )lUH DQG *URVVNRSI &RRN /LDQJ DQG =KX DQG &RRN =KX %L DQG <DQJ
Conclusions
